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Background: Deﬁciencies in risk communication have been identiﬁed in perioperative medicine.
Objective measurement of risk overestimation by general surgery patients has not been performed. In
addition, it is unknown if surgical risk overestimation is associated with the development of preoperative
anxiety. The main objective of the current investigation was to examine the association between over-
estimation of surgical mortality risk and the development of preoperative anxiety. Methods: Patients
estimation of surgical morality risk was compared to the actual mortality risk obtained by the American
College of Surgeons national database. Preoperative anxiety was evaluated using a validated instrument.
Propensity matched analysis was performed to examine an independent association between mortality
risk overestimation and preoperative anxiety. Results: 138 patients completed the study. 40 out of 138
(29%) patients overestimated their surgical mortality risk by at least 5%. 31 out of 138 (22%) patients
estimated their surgical mortality risk by at least 10%. Patients who overestimated mortality risk (5%)
were more likely to have postponed the surgery voluntarily, 9 out of 40 (23%) compared to patients who
did not overestimate risk, 1 out of 98 (1%), P < 0.001. After propensity matching to control for covariate
imbalances, overestimation of mortality risk was associated with the development of preoperative
anxiety, OR (95%CI) of 9.5 (2.7e32.9). Conclusions: Overestimation of perioperative mortality risk is
common in patients undergoing general surgery and it is associated with preoperative anxiety and
voluntarily delays of surgical treatment. Improved communication strategies are needed to minimize
misleading risk perception in surgical patients.
© 2014 Surgical Associates Ltd. Published by Elsevier Ltd. All rights reserved.siology, Feinberg School of
t, F5-704, Chicago, IL, United
liveira).
by Elsevier Ltd. All rights reserved1. Introduction
Preoperative anxiety is a common and undesirable outcome in
the care of surgical patients [1e3]. Several studies have demon-
strated that greater levels of preoperative anxiety are associated
with worse acute postoperative pain and even with the.
Table 1
Baseline demographic and surgical characteristics of study groups.
Overestimate risk
(5%) (n ¼ 40)
Overestimate risk
(<5%) (n ¼ 98)
P value
Age (years) 56 ± 16 51 ± 15 0.1
Gender <0.001
Male 5 46
Female 35 52
BMI (Kg/m2) 29 (24e31) 27 (24e31) 0.37
Race 0.06
Caucasian 24 76
Non-Caucasian 16 22
ASA class 0.27
I 12 45
II 22 42
III 6 10
IV 0 1
School degree 0.03
Less than high school 3 2
High school 8 21
College 22 57
Graduate 7 37
Surgical setting 0.7
Ambulatory 20 54
Inpatient 20 44
Emergency surgery 0.14
Yes 10 14
No 30 84
Surgery type 0.25
Esophageal 0 6
Fistulae repair 0 2
Hernia repair 3 13
Cholecystectomy 5 13
Appendectomy 1 2
Excisional Biopsy 8 21
Mastectomy 14 13
Thyroidectomy/
Parathyroidectomy
5 9
Bowel resection 1 8
Splenectomy 0 2
Gastric surgery 3 6
Diagnostic
laparoscopy
0 1
Bronchoscopy 0 2
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operative anxiety has been associated with greater length of hos-
pitalization stay and increased hospital readmissions after surgery
[8,9]. Recently, preoperative anxiety has also been demonstrated to
be an independent predictor of major morbidity andmortality after
cardiac surgery [10].
Deﬁciencies in risk communication have been demonstrated in
the surgery ﬁeld that can signiﬁcantly jeopardize the informed
consent process and alter decisions of surgical patients [11].
Misleading risk assessments is a common factor leading to the
development of clinical anxiety in non-surgical settings when
humans face new environments or challenging tasks [12]. Recog-
nition and correction of misleading risk assessments may be a
strategy to minimize the development of clinical anxiety in surgical
patients. Conversely, it remains to be determined if misleading
surgical risk perception is associated with the development of
preoperative anxiety in general surgery patients.
Themain objective of the current investigationwas to evaluate a
possible association between overestimation of surgical mortality
risk and the development of preoperative anxiety in general sur-
gery patients. We hypothesized that patients who overestimated
surgical risks had a greater prevalence of preoperative anxiety. In
addition, we also sought to evaluate if overestimation of surgical
risk was associated with voluntary delays of procedures by general
surgery patients.
2. Methods
The investigation was an observational cross-sectional study.
Institutional review board approval was granted by Northwestern
University. Informed consent was obtained from all participating
patients. Included were consecutive patients older than eighteen
years of age, ﬂuent in English and who were undergoing general
surgery procedures. Excluded were patients with clinical condi-
tions that could affect perioperative communication such as
aphasia, mechanical ventilation, hemodynamic instability, systemic
infection and Alzheimer's disease.
Patients undergoing general elective surgical procedures of low
(<5%) mortality risk were evaluated in the preoperative holding
area before surgery. Collected data included subject' characteris-
tics: age, gender, weight, highest education level (less than high
school/high school/college and graduate), American Society of
Anesthesiology (ASA) Physical classiﬁcation, presence of comor-
bidities (cardiac events, diabetes, renal failure, chronic obstructive
pulmonary disease, disseminated cancer, ascites). We collected
data regarding the surgical setting (ambulatory or inpatient) and
surgery type.
Subjects were also asked if the surgeon discussed risks of the
surgical procedures and then responded to a validated instrument
to detect preoperative anxiety [13]. The instrument consists of two
questions that evaluates anxiety in the past two weeks: 1) how
often subjects felt nervous, anxious or on the edge and 2) howoften
subjects could not stop or control worrying. The instrument has
been demonstrated to have similar discriminant properties as
longer anxiety assessment tools but the lower number of questions
can minimize participant burden [14,15]. Scores varies from 0 to 6
and scores greater than 3 identiﬁes clinical anxiety disorder.
Patients were also asked if they voluntarily postponed the sur-
gical procedure and, if so, for how many days. Subjects were then
required to estimate the percentage chance of dying as a result of
the surgical procedure. The real risk of surgical mortality was then
obtained by using the American College of Surgeons NSQIP surgical
risk calculator [16]. The surgical risk calculator is a relatively new
instrument that was developed to reduce miscommunication be-
tween physicians and patients by proving an objective estimationof undesirable surgical outcomes including mortality. The risk
calculator model has excellent performance when estimating
mortality (c-statistic ¼ 0.944; Brier score ¼ 0.011 [where scores
approaching 0 are better]). Overestimation of risk was calculated by
subtracting the patient's assessment of surgical mortality from the
value obtained by American College of Surgeons NSQIP surgical risk
calculator.
Power analysis estimated that it would be required 42 patients
per group, overestimation 5% versus overestimation <5%, would
be required to achieve 80% power to detect a 30% difference in the
prevalence of preoperative anxiety using a two tailed alpha ¼ 0.05.
Normally distributed continuous data were presented as means
(SD) and were analyzed using independent t tests. Non-normally
distributed continuous data were presented as medians (IQR) and
were analyzed using ManneWhitney U test [17]. Categorical data
were presented as counts (n) and were analyzed using the Fisher's
exact test. Spearman's rho correlation coefﬁcient was calculated to
assess a relationship between the degree of mortality risk over-
estimation and anxiety scores. In addition, we also implemented a
propensity score matching analysis to reduce the effect of covariate
bias and to better estimate the association between mortality risk
overestimation and preoperative anxiety. Covariates that had been
previously demonstrated to affect perioperative anxiety or that had
a possible association with anxiety in the current dataset (P < 0.2)
were entered in the analysis. The propensity score was the
Table 2
Study group characteristics after propensity matching adjustment of confounding
covariates.
Overestimate risk
(5%) (n ¼ 34)
Overestimate risk
(<5%) (n ¼ 34)
Bias
reduction
(%)
P
Propensity
score
0.35 (0.11) 0.35 (0.11) 92 0.94
Age (years) 100
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overestimate surgical mortality risk as a function of predetermined
covariates, added into a multiple logistic regression. Continuous
variables were dichotomized by analyzing their discriminant
properties after constructing receiver operator curves for preop-
erative anxiety. Individualized propensity scores derived from the
logistic regression were determined. Using the estimated pro-
pensity scores, a 1-to-1 matched analysis (nearest neighbor with
caliber matching) was followed by a random selection of a patient
who overestimated the surgical mortality risk with onewho did not
using the closest estimated propensity score matches. The pair was
eligible for matching if the caliper width of the pair was within 0.6
standard deviation (SD) of all selected pairs. Cochran and Rubin
suggested that a caliper width of 0.6 SD will remove approximately
90% of the bias in observed confounders [18]. Patients who did not
have an acceptable range of propensity scores were excluded.
Simple logistic regression analysis was then performed using the
propensity matched groups to evaluate an independent association
between patients who overestimate surgical risk and preoperative
anxiety. A two sided p value <0.05 was considered statistically
signiﬁcant.
3. Results
One hundred and thirty nine subjects were recruited. One
subject was excluded because the subject refused to estimate sur-
gical mortality risk. With exception of gender, baseline de-
mographic and surgical characteristics were not different between
subjects who overestimated surgical mortality risk and the ones
who did not overestimate surgical mortality risk by at least 5%
(Table 1).
Sixty-three subjects rated their risk of death to be zero, 35
greater than 0 but less than 5%, 23 between 5% and 10% and 17
greater than 20%. The calculated ACS death risk was 0,1, or 2 to 3 for
123, 11, and 4 subjects, respectively. There was no association be-
tween patient's estimated risk and the ACS death risk calculation,
Spearman's rho ¼ 0.06, P ¼ 0.46.
Forty out of 138 (29%) patients overestimated their surgical
mortality risk by at least 5%. 31 out of 138 (22%) patients over-
estimated their surgical mortality risk by at least 10%. 6 out 40 (15%)
of subjects who overestimated surgical mortality risk did not recall
a discussion about risks with the surgeon compared to 14 out of 98
(14%) who did not overestimated risk (P ¼ 1.0). Patients who
overestimated mortality risk (5%) were more likely to haveFig. 1. Bar charts demonstrating the prevalence of preoperative anxiety according to
surgical mortality risk estimation by patients. Preoperative anxiety was more prevalent
in patients with greater degrees of surgical mortality risk overestimation (P < 0.001).postponed the surgery voluntarily, 9 out of 40 (23%) compared to
patients who did not overestimate risk, 1 out 98 (1%), P < 0.001. The
median (IQR) of the number of days the surgerywas delayedwas 60
(21e365). There was no difference in the calculated ACS mortality
risk between patients who voluntarily postponed the surgical
procedure compared to patients who did not postpone, median
difference (95%CI) of 0 (0e0), P ¼ 1.0.
Thirty one out of 138 patients (22%) met the criteria for preop-
erative anxiety. Twenty out of 40 (50%) subjects who overestimated
their surgical mortality 5% had preoperative anxiety compared to
eleven out of 87 (13%) who did not overestimate surgical mortality
risk, P < 0.001. The difference in estimated and actual surgical
mortality risk was directly correlated with anxiety scores, Spear-
man's rho ¼ 0.27, P ¼ 0.001.
The prevalence of preoperative anxiety according to different
levels of surgical mortality risk overestimation is presented in Fig.1.
After propensity matching to control for covariate imbalances
(Table 2), overestimation of mortality risk was still largely associ-
ated with the development of preoperative anxiety, OR (95%CI) of
9.5 (2.7e32.9).4. Discussion
The most important ﬁnding of the current investigationwas the
detection of an association between preoperative anxiety and the
overestimation of mortality risk in low risk general surgery pa-
tients. Anxiety scores were directly correlated with the extent of
mortality risk overestimation. The relationship between surgical
mortality risk overestimation and preoperative anxiety was further
conﬁrmed after adjusting for covariate imbalances by using pro-
pensity score matching analysis. Improvement in risk communi-
cation may be an important strategy to minimize preoperative
anxiety in patients undergoing general surgery.>56 18 17
56 16 17 1.0
Gender 100
Male 5 5
Female 29 29 1.0
ASA physical
status
100
I/II 28 28
III/IV 6 6 1.0
Race 64
Caucasian 22 25
Non-
Caucasian
12 9 0.6
Education 100
High
school
8 8
>High
school
26 26 1.0
Surgical
setting
100
Ambulatory 18 17
Inpatient 16 17 1.0
Emergency 100
Yes 6 7
No 28 27 1.0
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has been associated with poor surgical outcomes including pain,
greater length of hospital stay and even postoperative mortality
[8e10]. In addition, current pharmacological treatments to mini-
mize preoperative anxiety such as benzodiazepines are not
administered to patients until minutes before patients are brought
to the operating room [19,20]. However, exacerbation of the stress
response due to anxiety can initiate many days before the surgical
procedure [21]. Better risk communication strategies should,
therefore, be implemented early rather than late in the preopera-
tive course.
Another important ﬁnding of the current investigation was the
fact that patients who overestimated surgical mortality risk were
more likely to voluntarily postpone the surgical procedure when
compared to the ones who did not overestimate mortality risk. In
contrast, the real mortality risk obtained by the ACS NSQIP calcu-
lator did not differ in patients who voluntarily delayed the surgical
procedure compared to the ones who did not voluntarily delay the
surgical procedure. Although the reason for postponement of a
surgical procedure may not be directly related to overestimation of
risk, better risk communication strategies between the provider
and the patient may have a signiﬁcant impact on patients' decision
to undergo general surgical procedures.
Previous studies have demonstrated the presence of poor risk
communication in the surgical setting that can prevent patient/
provider shared decisions and even an ethical informed consent
process [22,23]. Conversely, objective measurements of mortality
risk by surgical patients were not previously possible due to the
lack of an objective and comprehensive risk calculator tool. To the
best of our knowledge, this is the ﬁrst investigation to objectively
evaluate overestimation of risk in surgical patients and the asso-
ciation of overestimation of risk with an important perioperative
outcome.
Decision tools have been developed in order to improve
communication between patients and physicians in different
medical settings [24,25]. Those tools often used computerized
navigation systems in order to improve the informed consent
process. Although decision tools have consistently demonstrated
an improved comprehension of surgical risks; it remains to be
evaluated if better risk perception by surgical patients can, in fact,
reduce other outcomes such as preoperative anxiety and/or deci-
sion conﬂict [26]. Future studies examining the role of risk over-
estimation on the development of decisional conﬂict in general
surgery patients are warranted.
Our study should only be interpreted within the context of its
limitations. We detected an association between overestimation of
surgical risk and preoperative anxiety but due to the nature of our
study designwewere not able to establish a causal relationship. It is
also possible that preoperative anxiety can have an effect on pa-
tient's perception of risk. Nevertheless, even for primarily anxious
patients, correction of cognitive distortions regarding surgical
mortality risk can still be an important step to minimize preoper-
ative anxiety [27]. We evaluated mortality risk perception in gen-
eral surgery patients but future studies to examine risk
overestimation in other surgical specialties are needed.
In summary, overestimation of mortality risk is common in
general surgery patients. In addition, patients who overestimate
surgical mortality risk are more likely to have preoperative anxiety
and to voluntarily postpone surgeries. Better risk communication
strategies may be effective not only to minimize patients' decision
based on erroneous risk perception but also to reduce preoperative
anxiety in general surgery patients.Ethical approval
Yes. Northwestern University IRB STU00083865.
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